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FLOOD INSURANCE STUDY
TOWNSHIP OF HEMLOCK, PENNSYLVANIA

1.0 INTRODUCTION

1.1

L.3

Purpose of Study

The purpose of this Flood Insurance Study is to investigate the
existence and severity of flood hazards in the Township of Hemlock,
Columbia County, Pennsylvania, and to aid in.the administration of
the National Flood Insurance Act of 1968 and the Flood Disaster
Protection Act of 1973. 1Initial use of this information will be to
convert Hemlock to the regular program of flood insurance by the
Federal Insurance Administration (FIA). Further use of the infor-
mation will be made by local and regional planners in their efforts
to promote sound land use and flood plain development.

Coordination

The Columbia County Planning Commission and the Susguehanna Economic
Development Agency were contacted for information on the history of
local flooding problems. The Pennsylvania Department of Community
Affairs was given notice of the study and invited to attend the con-
sultation and coordination sessions which were held with local of-
ficials.

An initial Consultation and Coordination Officer's (CCO) meeting was
held with township officials on June 16, 1975, to explain the Flood
Insurance Study procedures and to obtain from these officials any
community flood information they could provide. A final CCO meeting
was convened with township officials on August 30, 1978 to present
the results of this study.

Flood discharge information was coordinated with the Baltimore Dis-
trict of the U. S. Army Corps of Engineers (COE) and the Harrisburg
District Office of the U. S. Geological Survey (USGS).

Authority and Acknowledgements

The source of authority for this Flood Insurance Study is the Na-
tional Flood Insurance Act of 1968, as amended.

The hydrclogic and hydraulic analyses for this study were prepared
by the Susquehanna River Basin Commission for the Federal Insurance
Administration, under Contract No. H-3824. Compilation or computa-
tion of work maps, water-surface profiles, floodways and flood




2.0 AREA

2.1

boundary delineations were performed by Michael Baker, Jr., Inc.,
under subcontract to the Susquehanna River Basin Commission. This
work, which was completed in February 1978, covered all significant
flooding sources in the Township of Hemlock.

STUDIED

Scope of Study

This Flood Insurance Study covers the incorporated area of the Town-
ship of Hemlock, Columbia County, Pennsylvania. The area of study is
shown on the Vicinity Map (Figqure 1).

The areas studied by detailed methods were selected with priority
given to all known flood hazard areas, areas of projected develop-
ment, and areas of proposed construction for the next five years,
through February 1983. Fishing Creek, Little Fishing Creek, and part
of Hemlock Creek extending from its mouth to approximately 1,000 feet
upstream of Interstate Route 80 were studied by detailed methods.

Approximate methods of analysis were used to study those areas having
low development potential and/or minimal flood hazards as identified

at the initiation of the study. The scope and methods of study were

proposed to and agreed upon by the FIA.

Two-thirds of Hemlock Creek upstream of Interstate Route 80, West
Hemlock Creek, and Frozen Run were studied by approximate methods.

Community Description

The Township of Hemlock is located in west-central Columbia County,
in central Pennsylvania, immediately northwest of the Town of Blooms-
burg, the county seat. The Township of Hemlock abuts the Township of
Mount Pleasant to the east, the Town of Bloomsburg to the southeast,
and the Township of Montour to the south. The 1970 population of

the township was 1,506, a 15.8 percent increase since 1960. A total
area of 17.1 square miles is included within the township..

Hemlock lies withirn the Appalachian Ridge and Valley Province of
Pennsylvania. No major mountain ridges pass through the township.
The topography consists mainly of several very high hills rolling
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agricultural valleys. Tracts of gently sloping terrace land and
level flood plain can also be found along the major streams.

Climate in the area is continental, but it is modified by the ef-
fects of the Atlantic Ocean and the Gulf of Mexico. The mean annual
temperature ranges in the low 50s (degrees Fahrenheit). Annual
precipitation averages about 37 to 40 inches and is well distributed
throughout the year. Slightly over half of the annual precipitation
falls between the months of April and September. During the summer
months, the area is regularly subjected to afternoon and evening
thunderstorms often accompanied by heavy rains and damaging winds.
Hurricanes originating in the tropics occasionally pass through the
vicinity bringing prolonged periods of heavy rainfall. ‘

Fishing Creek and Little Fishing Creek, the two most prominent
drainage features, form the entire eastern boundary of the township.
Other secondary streams include k_.alock Creek, West Hemlock Creek,
and Frozen Run. Flood hazard areas along these streams are largely
undeveloped. However, there are significant centers of development
along Fishing Creek.

Principal Flood Problems

Fishing Creek, and its tributary streams, are the chief sources of
flooding in the township. Record flooding occurred on Fishing Creek
in June 1972 during Tropical Storm Agnes when a peak flow of 30,900
cubic feet per second (cfs) was measured at the stream gage near

the Town of Bloomsburg (Reference 1). As a result of Tropical Storm
Agnes, 12 1/2 inches of rainfall created severe runoff conditions
and caused high flows on all local streams and tributaries to Fish-
ing Creek (Reference 2).

The small community of Fernville, located just across Fishing Creek
from the Town of Bloomsburg received its greatest flood damage dur-
ing the 1972 Agnes storm. Many homes were flooded up to the first
floor level. Several nearby trailers were washed away. Summer
homes and trailers on Little Fishing Creek were also damaged by
floodwaters. Elsewhere in the township, overflowin§ tributary
streams flooded basements and eroded large amounts of topsoil from
yards and lots.

Farmers in the vicinity reported heavy crop loss and.soil erosion
damage. About $76,000 was expended by the Township of Hemlock to
repair washed-out sections of road and clear streams of silt and
other debris.




Tropical Storm Eloise of September 1975, caused similar damages in

Fernville. Though troublesome, flooding due to Eloise was of less

intensity than that of the 1972 storm in the Township of Hemlock.
2.4 Flood Protection Measures

There are no local or regional flood protection projects either in

existence or proposed in the township.

ENGINEERING METHODS

For the flooding sources studied in detail in the commuhity, standard
hydrologic and hydraulic study methods were used to determine the flood
hazard data required for this study. Floods having recurrence intervals
of 10, 50, 100, and 500 years have been selected as having special sig-
nificance for flood plain management and for flood insurance premium
rates. The analyses reported here reflect current conditions in the
watersheds of the flooding sources.

3.1 Hydrologic Analyses

Hydrologic analyses were carried out to establish the peak discharge-
frequency relationships for floods of the selected recurrence inter-
vals for each flooding source studied in detail in the township.

For the purposes of this study, the log-Pearson Type III method
recommended by the Water Resources Council was used to determine
discharge relationships (Reference 3). For gaged sites, the flood
frequency data were obtained directly from statistical analyses of
flood peak discharge data. For ungaged sites, it was necessary to
regionalize the flood-frequency data for two or more sites.

For Fishing Creek, a statistical analysis of peak-discharge records
was made for the stream gage located 6.2 miles upstream from the
eastern boundary of the Township of Hemlock (Reference 2). This
gage has 37 years of record. The analysis followed the log-Pearson
method (Reference 3). The mean, M, and the standard deviation, S,
obtained from the gage analysis were used to calculate coefficients
Cp and Cq in the following equations:

M

Cn +:0.75 log (&)

S = C. - 0.05 log (A)

S




where A is the drainage area in square miles (Reference 2). The
discharges for Hemlock were determined using these coefficients and
the appropriate drainage area.

A stream gage was in operation on Little Fishing Creek during the
period 1941-58. This gage record was not deemed sufficiently rep-
resentative of flooding characteristics of the creek and as a result
it was not used. The discharges for Little Fishing Creek and Hemlock
Creek, which are ungaged streams, were determined using coefficients
for Fishing Creek, since both streams are tributaries to Fishing
Creek and they both have similar drainage areas.

A summary of drainage area-peak discharge relationships for the
streams studied by detailed methods is shown in Table 1.

TABLE 1 - SUMMARY OF DISCHARGES

DRAINAGE AREA PEAK DISCHARGES (cfs)
FLOODING SOURCE AND LOCATION (sg. miles) 10-YEAR 50-YEAR 100-YEAR 500-YEAR

FISHING CREEK
At mouth of Hemlock
Creek i 385 24,300 45,700 58,500 102,000

HEMLOCK CREEK
At mouth 16.5 2,880 6,250 8,500 17,200

LITTLE FISHING CREEK
At mouth 68.1 7,500 15,000 19,900 38,500

3.2 Hydraulic Analyses

Analyses of the hydraulic characteristics of the flooding sources
studied in detail in the township were carried out to provide esti-
mates of the elevations of floods of the selected recurrence inter-
vals along each of these flooding sources.

Water-surface profiles for the 10-, 50-, 100-, and 500~year floods
were calculated using the COE's HEC-2 step-backwater computer program
(Reference 4). Flood profiles were drawn showing computed water-
surface elevations to an accuracy of 0.5 foot for floods of the
selected recurrence intervals.

Cross sections were located at regular intervals along the stream
length and at significant changes in ground relief, land use and

6




land cover. Ground elevations for the cross sections were photo-
grammetrically obtained as the 1"=200' scale base maps were compiled
(Reference 5). The channel bottom elevations were taken from field-
surveyed cross sections at an interval distance of not more than
1,000 feet. Locations of selected cross sections used in the hy-
draulic analyses are shown on the Flood Profiles (Exhibit 1). For
stream segments for which a floodway is computed (Section 4.2), se-
lected cross-section locations are also shown on the Flood Boundary
and Floodway Map (Exhibit 3). Flood profiles were drawn showing com-
puted water-surface elevations to an accuracy of 0.5 foot for floods
of the selected recurrence intervals.

Reach lengths for the stream channels were measured along the center-
line of the channel and between cross sections, as scaled from the
1"=200' maps (Reference 5). The overbank reach lengths were measured
along the approximate centerline of the effective out-of-channel area
as scaled from the 1"=200' maps (Reference 5).

Roughness coefficients (Manning's "n") were evaluated from aerial and
ground level photographs, topographic maps, and on-site field exam-
inations (Reference 5). The "n" values were selected from tables
based on channel conditions, overbank vegetation, and land use (Ref-
erence 6).

Backwater elevations for Fishing Creek were started at the creek
mouth using normal depth calculations developed by the SRBC. For
Fishing Creek, channel roughness values ranged between 0.035 and
0.039, and overbank values ranged between 0.045 and 0.090.

Backwater elevations for Hemlock Creek were started at its mouth
using critical depth calculations developed by the SRBC. For Hemlock
Creek, channel roughness values ranged between 0.040 and 0.055, and
overbank values ranged between 0.055 and 0.100.

Backwater elevations for Little Fishing Creek were started at its
mouth using coincident conditions computed with Fishing Creek as both
streams have similar drainage areas. For Little Fishing Creek,
channel roughness values ranged between 0.042 and 0.056, and overbank
values ranged between 0.045 and 0.100.

The approximate elevations of 100-year flooding for the upstream
reach of Hemlock Creek, West Hemlock Creek, and Frozen Run were de-
veloped from slope-area calculations using Manning's equation, with
cross sections taken from available mapping (Reference 5).




All elevations used in this study are referenced to National Geodetic
Vertical Datum of 1929 (NGVD) formerly referred to as Sea Level Datum
of 1929. Locations of the elevation reference marks used in the
study are shown on the maps.

The hydraulic analyses for this study are based on the effects of
unobstructed flow. The flood elevations shown on the profiles are
valid only if the hydraulic structures remain uncbstructed and flood
control structures operate properly and do not fail.

FLOOD PLAIN MANAGEMENT APPLICATIONS

A prime purpose of the National Flood Insurance Program is to encourage

state and local governments to adopt sound flood plain management pro-
grams. Each Flood Insurance Study, therefore, includes a flood boundary
map designed to assist communities in developing sound flood plain man-

agement measures.

4.1

Flood Boundaries

In order to provide a national standard without regional discrimi-
nation, the 100-year flood has been adopted by the FIA as the base
flood for purposes of flood plain management measures. The 500-year
flood is employed to indicate additional areas of flood risk in the
community. For each stream studied in detail, the boundaries of the
100- and 500-year floods have been delineated using the flood ele-
vations determined at each cross section; between cross sections, the
boundaries were interpolated using topographic maps at a scale of
1:2,400 with a contour interval of 5 feet (Reference 5). 1In cases
where the 100~ and 500-year flood boundaries are close together, only
the 100-year boundary has been shown.

The methodology for the delienation of approximate flood boundaries
is described in Section 3.2

The boundaries of the 100~ and 500-year floods are shown on the Flood
Boundary and Floodway Map (Exhibit 3). Small areas within the flood

boundaries may lie above the flood elevations and, therefore, may not
be subject to flooding. Due to limitations of the map scale or lack

of detailed topographic information, such areas are not shown.

Floodways

Encroachment on flood plains, such as artificial fill, reduces the
flood-carrying capacity, increases the flood heights of streams,




and increases flood hazards in areas beyond the encroachment itself.
One aspect of flood plain management involves balancing the economic
gain from flood plain development against the resulting increase in
‘flood hazard. For purposes of the Flood Insurance Program, the con-
cept of a floodway is used as a tool to assist local communities in
this aspect of flood plain management. Undex this concept, the area
of the 100-year flood is divided into a floodway and a floodway
fringe. The floodway is the channel of a stream plus any adjacent
flood plain areas that must be kept free of encroachment in order
that the 100-year flood can be carried without substantial increases
in flood heights. Minimum standards of the FIA limit such increases
in flood heights to 1.0 foot, provided that hazardous velocities are
not produced. The floodways in this report are presented to local
agencies as minimum standards that can be adopted or that can be used
as a basis for additional studies.

The floodways presented in this study were computed on the basis of
equal conveyance reduction from each side of the flood plain. The
results of these computations are tabulated at selected cross sec-
tions for each stream segment for which a floodway is computed (Table
2). As shown on the Flood Boundary and Floodway Map (Exhibit 3), the
floodway boundaries were determined at cross sections; between cross
sections the boundaries were interpolated. In cases where the
boundaries of the floodway and the 100-year flood are either close
together or collinear, only the floodway boundary has been shown.

The area between the floodway and the boundary of the 100-year flood
is termed the floodway fringe. The floodway fringe thus encompasses
the portion of the flood plain that could be completely obstructed
without increasing the water-surface elevation of the 100-year flood
more than 1.0 foot at any point. Typical relationships between the
floodway and the floodway fringe and their significance to flood
plain development are shown in Figure 2.

For floodway determinations, .starting water-surface elevations at or
near confluences with larger stream systems were not based on back-
water effects from the larger system. Therefore, floodway surcharge
elevations shown in Table 2 for these downstream sections are below
rather than above the 100-year flood elevations as shown on the Flood
Profiles {(Exhibit 1).

5.0 INSURANCE APPLICATION

In order to establish actuarial insurance rates, the FIA has developed a
process to transform the data from the engineering study into flood
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l 100 YEAR FLOOD PLAIN {

FLOODWAY FLOODWAY
FRINGE FLOODWAY FRINGE
STREAM
CHANNEL

FLOOD ELEVATION WHEN
CONFINED WITHIN FLOODWAY

ENCROACHMENT N ENCROACHMENT

[ SURCHARGE* |

AREA OF FLOOD PLAIN THAT COULD FLOOD ELEVATION
BE USED FOR DEVELOPMENT BY BEFORE ENCROACHMENT
RAISING GROUND ON FLOOD PLAIN

LINE A - B IS THE FLOOD ELEVATION BEFORE ENCROACHMENT
LINE C-D IS THE FLOOD ELEVATION AFTER ENCROACHMENT

*SURCHARGE NOT TO EXCEED 1.0 FOOT (FIA REQUIREMENT) OR LESSER AMOUNT IF SPECIFIED BY STATE.

FLOODWAY SCHEMATIC Figure 2

insurance criteria. This process includes the determination of reaches,
Flood Hazard Factors (FHFs), and flood insurance zone designations for
each flooding source affecting the Township of Hemlock.

5.1 Reach Determinations

Reaches are defined as lengths of watercourses having relatively
the same flood hazard, based on the average weighted difference in
water-surface elevations between the 10- and 100-year floods. This
difference does not have a variation greater than that indicated in
the following table for more than 20 percent of the reach.
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Average Difference Between
10- and 100-year Floods Variation

2 to 7 feet 1.0 foot

The location of reaches determined for the flooding sources of the
Township of Hemlock are shown on the Flood Profiles (Exhibit 1) and
are summarized in the Flood Insurance Zone Data Table (Table 3).

Flood Hazard Factors

The FHF is the FIA device used to correlate flood information with
insurance rate tables. Correlations between property damage from
floods and their FHFs are used to set actuarial insurance premium
rate tables based on FHFs from 005 to 200.

The FHF for a reach is the average weighted difference between the
10- and 100-year flood water-surface elevations expressed to the
nearest 0.5 foot, and shown as a three-digit code. For example, if
the difference between water-surface elevations of the 10- and 100-
year floods is 0.7 foot, the FHF is 005; if the difference is 1.4
feet, the FHF is 015; if the difference is 5.0 feet, the FHF is 050.
When the difference between the 10- and 100-year water-surface ele-
vations is greater than 10.0 feet, accuracy for the FHF is to the
nearest foot.

Flood Insurance Zones

After the determination of reaches and their respective FHFs, the

entire incorporated area of the Township of Hemlock was divided into
zones, each having a specific flood potential or hazard. Each zone
was assigned one of the following flood insurance zone designations:

Zone A: Special Flood Hazard Areas inundated by the
100-year flood, determined by approximate
methods, no base flood elevations shown or
FHFs determined.

.Zones A5, A6, A7, AB, Special Flood Hazard Areas inundated by the
A9, Al0, Al2, 100-year flood, determined by detailed
Al2, Al4d: methods; base flood elevations shown and

zones assigned according to the FHFs.

17
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6.0

Zone B: Areas betwezn i< Special Flood Hazard Area
and the limits of the 500-year flood; in-
cludiné areas of the 500-year flood plain
that are protecced from the 100-year flood
v dike, levrme, or other water control
shructere; also areas subject to certain
types .. 100-year shallow flooding where
depths are less than 1.0 foot; and areas
subject to 100-year flooding from sources
with drainage areas less than 1 square
mile. Zone B is not subdivided.

Zone C: Areas of minimal flooding.

Table 3, "Flood Insurance Zone Data," summarizes the flood elevation
differences, FHFs, flood insurance zones, and base flood elevations
for each flooding source studied in detail in the Township of
Hemlock.

5.4 Flood Insurance Rate Map Description

The Flood Insurance Rate Map for the Township of Hemlock is, for
insurance purposes, the principal result of the Flood Insurance
Study. This map (published separately) contains the official de-
lineation of flood insurance zones and base flood elevation lines.
Base flood elevation lines show the locations of the expected whole-
foot water-surface elevations of the base (100-year) flood. This
map is developed in accordance with the latest flood insurance map
preparation guidelines published by the FIA.

OTHER STUDIES

Flood Insurance Studies for the contiguous communities of the Township
of Mount Pleasant (Reference 7), the Town of Bloomsburg (Reference 8),
and the Township of Montour (Reference 9) were prepared concurrently with
this study. Data presented in these studies are in exact agreement with
the data presented for the Township of Hemlock.

This study is authoritative for purposes of the Flood Insurance Program

and the data presented here either supersede or are compatible with pre-
vious determinations.
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7.0 LOCATION OF DATA

Survey, hydrologic, hydraulic, and other pertinent data used in this
study can be obtained by contacting the office of the Federal Insurance
Administration, Region III Office, Curtis Building, Sixth and Walnut
Streets, Philadelphia, Pennsylvania 19106.
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